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WIND-TUNNEL INVESTIGATION OF AN NACA, LOW-DRAG TAPERED WING 
WITH STRAIGHT TRAILING EDGE AND SIMPLE SPLIT FLAPS . 
By Thomas C. Muse and Robert' H., Ne.ely 

SUMMARY 



An investigation was conducted in the NACA 19-foot 
pressure wind tunnel of a tapered wing with straight 
trailing edge having NACA 66 series low-drag airfoil 
sections and equipped with full— span .and partial— span 
simple. split flaps. The airfoil sections used. were the 
NACA 66,2-116 at the root and the 66,2-216, at the tip,. 
The primary purpose of the investigation was to determine 
the effect of the split flaps on the aerodynamic charac- 
teristics of the tapered wing. Complete lift* drag, and 
pitching-moment coefficients were determined for the 
plain wing and for each flap arrangement through a 
Reynolds number range of 2,600,000 to 4,600,000. 

• The results; of this investigation indicate that 
values ;of-. maximum lift coefficient comparable to values 
obtained' e-n tapered wings, with convent ibnal sections and 
s imi.lar -flap installations, can- he obtained, from, wings 
with the- NACA low-drag sections..... The increment of maxi- 
mum lift .due to' the split flap was found to vary somewhat 
with Reynolds. -number - over. the. ..range, investigated.. , The . 

Cf •' r^f- vthe: Iwing- alone- is l f ,49 at -.a Reynolds number of 

max . .. ;.. . j .. i .,, . , , . ', ",„ 

'4- ,:60-0 , OQO ; wher eas •; with the par t, ia 1,-rs pan .s i aple s pi it 

f lap : it is '.2f.22: and with =the full— span arrangement, 2.80. 

. Observations- of wool tufts, on the wing indicate that 
the addition of split flaps did not appreciably alter 
the pattern of the stall ; even though. the stall did occur 
'•more abruptly - than with- the w ing alone., . 



INTRODUCTION 



; • The NACA is undertaking an, exfcens ive investigation 
in the. 19^-foot pressure .tunnel to determine , the effect **£ 
various high-lift devices- on the aer.odynalie characteris- 
tics ■' of .■ representative wings having NACA. low— drag airfoil 
sections. This investigation is to include tests of wings, 
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of different pian form "equipped with, .various types of 
trailing— edge flaps; the effects of a fuselage will be 
included after - the wkng-alone t e.s t s . Table' I gives, an 
outline of the models to "be tested in the program. The 
aerodynamic characteristics of a rectangular IACA 66,2—216 
wing with full— span and par t ia'l— span split flaps of vari- 
ous chords were presented in a previous report (reference 
1), the first of the series. 

The present paper constitutes the second part of the 
series:,' In it are presented the results of wind-tunnel 
tests of full— span and of partial-span s imple; split flaps 
on a tapered wing with straight trailing edge , constructed 
to- HACA low-drag airfoil sections. 

CtA ^l> Y^^^i^ MODELS 
^ ^ ' . ' - Plain Wing 

The plain wing, or basic model, (fig 1) was construct- 
ed of laminated mahogany to HACA low— drag airfoil sections. 
These sections are the 66,2—116 (table II) for the- root 
and the 66 ,2-216 ' (tab le III) for the construction tip. 
T'he wing plan form consists of a square center section and 
' tapered outboard sections with elliptical tips. The trail- 
ing edge is a straight-line continuation of the square 
'center section; whereas the leading edge is swept back at 
an angle of 12.5°. The wing has a geometric twist, or 
washout, of 1,5° between the outboard ".edg-e of the ..center 

• sect ion- and the extreme wing tip. Thi&--a^a^_jsch4rehr^^ 
r-e-s-p4«td-s — t-Q-_aja .~a.p..r-n^-y-w-a.jn lc — t-w-ie-t- • -of- appE..oxl^ai.e-ly-"2-: 5®", 

• was — u-s-ed— JLd_-givl© ~4m-piro-v^d' a-li-i-n-^ v * 

While no dihedral is used, a small dihedral effect 
is obtained by having the wing "upper srurface between the 
40-percent— chord point of the root section and the 50- 
percent— chord point of the construction tip lie in a hori- 
zontal plane. In as much' as the span, aspect ratio, and 
area are 15 feet , 7.0, and 32.14 square feet, respectively, 
or identical with those of the rectangular wing described 
in reference 1 , "a fair comparison- of the re.lat ive merits 
•*qf*the two wings can be 'made . An "aer odynamically smooth" 
-surface was obtained by spraying- the wing with a number 
-of coats of lacquer and"then rubbing -until smooth with : 
••'Ho. 500 watercloth; ; '- ■•- 
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Flaps . 

The flaps .were of the simple split type with a chord 
20 percent of the w,ing section chord,. These flaps we re- 
made of l/l6— inch galvanized sheet steel curved to approx- 
imate the contour of the flap portion of the wing lower 
surface. The desired deflections were obtained "by insert- 
ing appropriately shaped wooden blocks "between the wing 
lower surface and the flap. For the partial-span condi- 
tion the. flaps extended over 53 percent of 'the wing span. 
(See fig.: 1,.) This span was determined as- the distance 
.between the inboard ends of 0.37 b/2 ailerons, should they 
be used. The full— span arrangement extended * al ong 90 per- 
cent of the entire wing span. 



TESTS 



The tests were conducted in the NACA 19-foot pressure 
wind tunnel at an absolute pressure of '35 pounds per square 
inch with the model mounted on the standard wing supports. 
(See fig, 2. ) : • - 

Since the aerodynamic characteristics of the plain 
wing are the ■ basis f or ' compar ing the- merits of the various 
high— lift ''devicesv "a set of complete '-polar runs was' made 
for this condition, 'For these runs - the angl« .-of • attack: was 
varied from —4° through the stall for dynamic pressures 
of 20, 40, and 70 pounds per souare foot , corresponding to 
test Reynolds numbers of about 2 , 600 , 000 ; ' 3 , 700 , 0C0 ; and 
4 , 6 00 , 000 ; r e spec t ively . Simultaneous measurements of 
lift and drag were recorded by a six— component electrical 
rec ording balance . ; : * ' -..'■'. ■ * 

For the partial-span-flap "arrangement 1 complete polar 
runs were made for flap deflections of 15°,. 30°, 45°, and 
60° at dynamic pressures of 20,. 40, and 70' pounds per 
sq.uare foot. Comple te -' polar runs were made with the full- 
span— flap installation at the same dyna'mic pressures as 
for the partial-span arrangement but- only for the 60° de- 
flection. . '.•.'■ v " • ; 

In order to provide a basis for -a comparison, of the 
aerodynamic characteristics obtained in these tests with 
section characteristics obtained in other two-dimensional- 
flow tests, momentum surveys for the plain— wing condition 
were 'made in "the wing "wake at dynamic pressures of 40 and 
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70 pounds per square foot. Measurements were made at ap- 
proximately 6— inch intervals along the span except near 
the- tips, where a closer spacing was used.. The surveys 
were ; made at an angle of attack of 1°, which pr evi-.ons-ly 
had been found to give the minimum drag.- 

In order to study the wing stalling characteristics, 
wool tufts were fastened .with .cellulose tape .-to the wing 
upper surface at the 20-., 30-, 40-, 60-, 70-, 80-, and 
90-per.cent-chord points. 'These tufts were arranged in 
parallel rows spaced approximately 7 inches .apart along 
the wing span. Slightly closer spacing was used near the 
tips. Sketches were made from visual observat i ons , of the 
"behavior of the tufts at various angles of attack through 
the stall for the plain wing and also for the wing with 
partial-span flap deflected ,60° . The tuft observations 
were made at a dynamic pressure of 70 pounds per square 
foot . 



• ... ■ RESULT-S AND DISCUSSION . 
Coefficients 

The data presented in this report are given in stand- 
ard nondimens i on.al, coefficient form corrected for the ef— 
fe.ct of mod^e-l support tare and int. erf eretice and for jet- 
boundary effects. 

The coefficients and symbols used; herein are defined 
as follows ^ .. • 

C L lift coefficient (l/qS) ...... 

C D drag .coefficient (D/qS ) 

Cju • ; pitcrhing— mqnrent coefficient about the quarter— 



chord p,q : int : : of -the plain wing root .sect ion 
>[/qSc ) 



Cj) wing pr of i le— drag coefficient ., . 

Cj s>ect i-on prof .lie— drag c.oef f icden-t ••(d 6 /qc.) 
o 

where 

q dynamic pressure in the undisturbed air .stream 
(1/2 pV 2 ) 

S wing area (32.14 sq ft) 
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and 



c" mean wing chord 3/b (2. -14 ft) 

c g root section wing chord 

c section chord 

b wing span (15 ft) 

p mass density of air, slugs per cubic foot 



5^ flap deflection measured between the lower sur- 
face of the wing and the flap 

a angle of attack of root chord corrected for jet- 
boundary interfereD.ee 

R test Eeynolds number "based on mean wing chord ■ ■ 
(pVc/V) 



•coefficient of viscosity 



. Precis ion- .' • 

The • accidental'- experimental' errors as determined' 
from repeat tests are believed to be within the following- 
limits : 

a .±0. 10% ■ ■ : ■ 

. c T ■ . ±o.-os . . ■. 

•"max . . - . - . 

C , • , ±0.-01.; 

C S ...!... - • . 



Cr) ±0.0003 
C D >- - * ±0.0006 



(c L =i) 

(Cj-3) 



C Dy _ _ ±0.-002 
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C d ±0.0002 .... • 

°(c, l =0) wake 

S f ±0.5° 

Flap position ±0.002c 

The coefficients given are corrected for the effect 
of model support tare and interference as determined for 
the plain wing,* No additional tare tests were made for 
the flap installations, as the tare increment is "believed- 
to "be small. 

Plain Wing ' 

The aerodynamic characteristics of the plain wing as 
determined in these tests are given in figure 3 as the 
zero-flap-deflection condition, Examination of the lift 
curves reveals that the slope dC^/da. is constant up to 
the point where C L = 0.5; from this point the slope 
gradually decreases up to the stall. Of significance is 
the absence of any irregularity around C L = 0.3 as shown 
by the rectangular wing tests reported in reference 1. 
Further comparison with the- rectangular wing shows that 
the tapered wing has a greater slope of the lift curve 
and a higher angle of stall, resulting in an increase of 

L max* 

uj t ^/^ The pitching-moment coefficient was computed about 
See /t I the q uar t er-chor d point of the root sect. ion in the inter- 
j n lov/Orm est of simplicity since the aerodynamic center varies 
jtrfv/f \ 8 omewhat with and R, The moment coefficient curves 

shave a negative slope and exhibit little scale effect. 
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The section profile— drag coefficients determined by 
the momentum— 1 os s method are shown in figure 4 for two 
values of Reynolds number. The minimum wing profile— drag 
coefficient C-n obtained by this method at a Reynolds 

°min 

number of 3,750,000 is 0.0038, which is in good agreement 
with the value of 0.0041 obtained by the force measure- 
ments. 



¥ ing with Flaps 



The aerodynamic characteristics of the wing with 
flaps are plotted against angle of attack in figure 3. 
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The slopes of the lift curves, in general, appear to "be 
consistent and uniform almost to the stall. The peaks 
of the curves, however, show wide variation, ranging from 
sharp "breaks to almost flat— top curves. At present no 
complete explanation of the differences is available. The 
curves do indicate a pronounced increase in the angle of 
stall with increase of fleynolds number, 

As was true for the plain wing, the pit ching— moment 
coefficients about the quarter— chord point of the root 



section have a negative slope — when plotted 

da 

against angle of attack. Little variation with Reynolds 
number is indicated, however. On the other hand, a large 
increase, negatively, is shown by the pi t ching— moment co- 
efficients as the flap deflections are increased. 

The variation of C T with Reynolds number is 

given in. figure 5 for both the wing alone and the wing 
with flaps. These curves show some scale effect for both 

conditions and an increase of C T over similar instal— 

. . max 

lat ions . on . the rectangular wing described in reference 1. 
The increment of maximum 1 if t . c oef f ic i e nt ACt occa— 

. • . max ■ 

sioned by the use of the flaps indicat e s , a - change with 
Reynolds number as shown by figure 6.. This result is 
somewhat different from that obtained with' the rectangular 
wing mentioned previously where' little change was noted. 

The variation of AC- with flap deflection is 

max ... 

given in figure 7, At the maximum deflection tested (60°) , 
the curve is still increasing somewhat; however, -it is 
beginning to level off, indicating that higher deflections 
would give only a small 'increase in the maximum lift coef- 
ficient. . 



Stalling Characteristics 

The stall diagrams for -the plain wing and for the 
wing with partial-span split flap deflected 60° are given 
in figures 8 and 9. These diagrams show that the stall 
begins on the rear portion of the wing directly behind 
the wing supports from whence it spreads forward and out— 
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ward with increase of angle of attack. The addition of 
the flap delays the beginning of the stall somewhat, "but 
complete stall develops more rapidly and occurs at a 
lower, angle of attack than with the plain wing. As' was 
true of the rectangular low— drag wing described in refer- 
ence 1, the addition of the flap induces an appreciable 
inflow over that portion of the wing normally occupied 
by the ailerons. "It may be noted that the right side of 
the wing appears to stall first, but this may be due to 
a slight asymmetry of the wing rather than something of 
an aerodynamic nature. Moreover, since the investigation 
was conducted in a closed— thr oat 1 wind tunnel, the results 
should be somewhat conservative compared with those in 
free air. 



COICLtJS I ONS 



1. The addition of a simple split flap to a tapered 
wing having NACA low-drag sections gives aerodynamic 
characteristics that compare favorably with those obtained 
with similar installations on wings having conventional 
sect i ons ... .' , 

2. The increment of maximum lift coefficient due to 
the split flap on the wing tested was found to vary some- 
what with Reynolds number. The minimum effect occurs with 
the smallest flap deflection and increases as the deflec- 
tion increases. 

3. The C T of the wing alone is 1,49 at a Reynolds 

■"max 

number of 4,600,000; whereas with the partial— span split- 
flap arrangement the value is 2.22 and with the full-span 
arrangement, 2.80. 

4. The plain wing appears to have favorable stalling 
characteristics that are not appreciably altered by the 
addition of a split flap, even though complete stall oc- 
curs earlier with the flap. 

t 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va . • 
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TABLE I.- SING MODELS AND SUMMARY -CP TEST RESULTS FOB HHUW3FT MWICE AND STALLING INVESTIGATION- IN THE NACA 19-FOOT PRESSURE TUNNEL. 




Hlgh-llft devloe 



O.lOc split flap 
.200 Spilt flap 
.30o spilt flap 



(dog) 



60 
60 
60 



Aerodynamic characteristics 



AO, 



Partial 

( a) 



1.40 
1.84 
2.07 

2.07 



0.20c split flap 
JOefBwlei- flap 



60 

J 0 



25c slotted flaj $0 



.20c Jlaln flap 



0.20c split flap 
•30c Fowler flap 
.25c slotted flaj 
.20o plain flap 



Maxwell slot 
Spilt flap 
Slotted flap 



5b 



1A9 
ZJ22. 

I, ll 



Full 
<b1 



2.15 
2.53 
2.52 



2 -SO 

1 43 



.67 
.67 



Partial 



O.75 
1.13 
1.12 



0.20c split, flap 



tt20o Spilt flap 



0. 20c split flap 



SO 



2.1-fe 



0-73 

1.31 
,93 



"max 
eg) 



20.6 
20.0 
17- S 
16.S 



1.31 

HP 

1,43 



JLifeO 



22.2 

21.2 

22, A. 
il.O 



1S.0 
1S.4 
17.2 



21.+ 

20, & 



0.0038 



0, = 0.1 



Partial 



0.005 



0.004-0 



-0.030 



,6* 



/, 03 



Partial 



-O.Z10 
.460 



,540 



0.030 

0g5. 
-.140 
-.150 



O.160 
-.225 

.270 



Full 



O.65O 

-,'f/S 



Reynolds 
number 



4.6 x 10 
4.6 
4.6 
4.6 



6 

4.6 

4.7 



a Partial-span flap extends over 0.53b. 
Foil-span flap extends over 0.90b. 



y M tap, tt/wvrj 

if.- ORDINATE s' FOR NACA 66,2-ll6 AIRFOIL SECTION 
[Stations and ordinates in percent of wing chord] 



la! 



I 



&-0C 



Upper surface 


Lower surface 


i Station 


Ordinate 


Station 


Ordinate 



0 

,672 
1.170 
2.40s 

4. 897 

7.392 
9,890 
14,894. 
19.903 
24.916 

29.931 
34.94-S 



44.989 
50.011 

55.037 
60.070 
65.096 
70.099 
75.091 
so. 074 

S5-053 
90.030 
95*011 
100.000 



o- 

1.214 
1.462 
1.823 
2.498 
3.498 
4.286 
4.969 
6.054 
6.895 
7.554 
8. 052 
8.401 
8.633 
8.734 
8.694 
8.502 
8.113 
7.459 
6.519 
5-429 
4.218 

2*995 
1.763 
.679 

0 



0 

.565 

.822 
1-330 
2.^92 

5.103 
7. 608 
10.110 
15 . 106 
20.097 
25.084 
30.069 
35.051 
40.032 
45.011 
49.989 
54.963 
59.930 
64.904 
69,901 

74.909 
79.926 
84.947 
89.97O 
94.989 
100.000 



0 

-1.150 

-1.370 

-1.683 
-2.254 
-3. 082 
-3.726 
-4.281 
-5.154 
-5 . 827 
-§.346 
-6.738 
-7.009 
-7. 185 
-7.260 
-7.220 
-7.058 

-6.737 
-6.203 
-5.419 
-4.503 
-3.478 
-2.451 
-l.4ll 

-.515 
0 



TAbSE^ESi.- ORDINATES FOR NACA 66j2-2l6 AIRFOIL SECTION 
{stations and ordinates in percent of wing chordj 

' - : > fx -■ '< / £<. 



c- - . c 



Upper surface 
"Station I Ordinate 



0 

.371 
.607 
1,091 

2.317 
4.794 
7.284 

9.781 

14.788 
19.806 
24.832 
29.862 
34.897 

44.978 
50.023 

55-073 

60.141 

65.191 

70.198 

75. 181 

80. l4Q 

85.106" 

90.061 

95-021 

lOOiOOO 



0 

1.242 
1.501 
1.886 
2.615 

3.701 
4^63 

5.308 
6.5OO 
7.428 
8.155 
8.708 
9.098 
9.356 
9^471 

9.^31 
9.224 
8.800 
8.084 
7.068 
5.889 
4.585 
3.265 

1*937 
.762 

0 



Lower surface 
Station 



a 



0 

.629 

•893 

1.409 

2.683 
5.206 
7> 716" 
IO.219 
15.212 
20.194 
25.168 
30.138 
35.103 

40.064 
45.022 

^9-977 
54.927 
59.859 
64.809 

69 . 802 

74.819 

79.852 

84.894 
89.939 
94.979 
100 i 000 



Ordinate 



0 

-1.112 

-1,319 
-1.608 
-2.127 
-2.869 
-3.441 

-3.93^ 
-4.702 
-5.290 
-5.741 
-6.080 
-6.312 
-6.462 
-6.523 
-6.483 
-6.336 
-6,648 

-4.037 
-3.107 
-2.177 

0* ^ 
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Figure 1.- The NACA 66 series low-drag tapered wing. M 



NACA 



Fig. 3a 




(a) R = 2,600,000. 

Figure 3(a to o).- Aerodynamic characteristics of an NACA 66 series low-drag tapered wing with 
O.20c split flap. 



NACA 



Fig. 3b 




(b) R = 3, 700, 000. 

Figure 3(b). 



HACA 



Fig. 5c 



.88 




(a) E = 4,600,000 



Figaro 3c. 



.006 




7 ~" 6 5 4 3 2 I £ / 2 3 4 5 6 7 

Distance from center line of span, ft 



(a) R = 4,750,000. (b) R = 3,750,000. 

Figure 4.- The variation of section profile-drag coefficient along the span of an NACA 66 
series low-drag tapered wing. 



NACA 



Figs. 5,6 
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Figure 5.- Variation of maximum 

lift coefficient with 
Reynolds number of an NACA 66 
series low-drag tapered wing 
with a 0.20c split flap. 



Figure 6.- Variation of increment 
of maximum lift coef- 
ficient with Reynolds number of 
an NACA 66 series low-drag tapered 
wing with 0.30c split flaps. 




Figure 7.- Iff ect of flap deflection on the increment of 

maximum lift coefficient for a 0.30c partial-span 
split flap on an BACA 66 series low-drag tapered wing. 
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